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[57] ABSTRACT 

A fast method for rendering opaque and transparent objects 
that produces a higher quality image at a greater speed for 
a given level of hardware support. Opaque objects are 
rendered first utilizing the z-buffer as a solids only depth 
buffer. Transparent objects are then rendered in multiple 
passes. Transparent objects are processed in a back to front 
order to eliminate surface anomalies. The z-bufTer is utilized 
in an alternative mode so that the front-most surfaces of 
objects in a scene are processed last. Back-facing primitives 
of transparent objects are rendered and alpha blended first 
and then the front- facing primitives are rendered and alpha 
blended second. 

4 Claims, 7 Drawing Sheets 
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FAST ALPHA TRANSPARENCY RENDERING ambiguities are resolved by recursively splitting objects into 

METHOD P arts anc * sorting the parts in back to front order based on 

z-values. Finally, pixel values for each object or part of an 

FIELD OF THE INVENTION object are sent to the frame buffer in the established back to 

This invention relates to computer systems, and more 5 or( * e ^ « • , . , . 

particularly to graphic display of objects within computer . ™ e P robl * m ° f mlioducing transparent objects into such 

r . ' ° r *• i i .1. • a algorithms has been addressed in several ways. In the 

systems. Even more particularly, the invention relates to a sc * een . door lransparency melh od, only some of the pixels 

method for rendering transparent objects m graphic displays associaled ^ /transparent object are utilized, creating a 

within computer systems. ^ mesh ^ bils associated with a pixel . s ^ y) address are 

BACKGROUND OF THE INVENTION usec * t0 mc * ex a transparency bit mask. If the indexed bit of 

the mask is 1, the pixel is utilized. If not, the pixel is not 

Current computer users demand more sophisticated utilized, and the next lowest object at that pixel location is 

graphic display capabilities for computer applications than utilized instead. The fewer 1 bits in the bit mask, the more 

in previous years. As the field has developed, many methods transparent the object will appear. With this approach, there 

and innovations have been made to meet these growing user is no blending of color values. The aggregation over a 

demands. There often is a leap-frogging of development number of pixels of the bit mask effect allows the viewer's 

between software capabilities and machine capabilities. Any eyes to perform spatial integration to produce an interpo- 

advance in one or the other may allow for an increase in lated transparency. However, this method does not produce 

performance and visual quality which can be balanced ^ a quality image and it is not very pleasing to the eye. 

against the costs associated with the improvements. Another approach utilizes a blending methodology. Each 

Increases in hardware technology, processing speed, and . pixel of each object in a scene has an alpha value ranging 

computer memory have made possible increased graphic from 0 to 1. An alpha value of 0 for a pixel indicates that the 

quality and time to render that heretofore were not pixel is totally opaque, whereas an alpha value of 1 indicates 

acceptable, either in terms of the cost of the hardware that the pixel is totally transparent. The shade of a screen 

required or the inordinate amount of time necessary to pixel that represents a view through one or more transparent 

render images. Likewise, software developments have also surfaces, or an opaque surface and one or more transparent 

led to improved quality and performance. surfaces, is linearly interpolated from the individual shades 

Rendering transparent objects has been a particularly of the surfaces themselves. To obtain the most correct result, 

difficult problem in computer graphics. In general, rendering 3Q the blending should take place in a strict back to front order, 

opaque objects in a three dimensional scene is accomplished If this back to front order is not followed, the result will be 

through the use of various algorithms. The z-buffer algo- a wrong color on a shape or portion of an object in the scene, 

rithm is typical. Another approach is to render transparent objects in a 

In the z-buffer algorithm, a frame buffer stores color scene last, combining their colors with the colors already in 
values for each pixel and a z-buffer stores a depth, or 35 the frame buffer. However, because the z-buffer is not 
z-value, for each pixel. In the first step, the frame buffer is modified in this method, when two transparent objects 
initialized to the background color and the z-buffer is overlap, their depth in relation to each other is not taken into 
initialized to O. Second, objects are rasterized and sent to the account. If they are rendered in front to back order, instead 
frame buffer in arbitrary order, usually in the order in which of back to front, the result will be incorrect colors, 
they are encountered from the data received. The z-buffer, 40 Still another method of rendering transparent objects in a 
having corresponding entries with the frame buffer, stores a proper back to front order in z-buffer-based systems involves 
z-value for each pixel. The z-value for a pixel indicates multiple rendering passes and increased memory. First, all 
whether the pixel of an object is in front or behind another opaque objects are rendered using the z-buffer. Then, trans- 
object with respect to a given viewpoint, which is typically parent objects are processed into a separate set of buffers that 
the screen of the graphic display. If the pixel being scan 45 contain an alpha value, color, z-value, and a flag bit, which 
converted in the rasterization process is closer to the viewer is initially set to off. Then z-values are compared. If the pixel 
than the current values in the buffers, then the new pixel's for a transparent object has a z-value closer to the viewer 
color and depth values replace the old values in the frame than the z-value in the opaque z-buffer, but more distant than 
buffer and z-buffer. The result is that with opaque objects, a the z-value in the transparent z-buffer, then the flag bit is set 
first opaque object behind a second opaque object will not be 50 and the color, z-value and transparency are saved in the 
rendered since the first opaque object would be hidden by transparent buffers. This procedure is followed for all trans- 
the second opaque object when viewed from the front of the parent objects. Then, the information for the most distant 
screen. This methodology breaks down, however, with transparent object is blended with that in the original frame 
transparent objects. Even if a transparent object is in front of buffer and z-buffer. The transparency z-value of a flagged 
another transparent object or an opaque object, the compo- 5S pixel replaces that in the opaque z-buffer and the flag bit is 
nents of both will need to be blended for rendering. reset. This process is repeated to render the next closest 

Visible surface list priority algorithms determine a vis- object at each pixel until done, 

ibility ordering of objects in a scene. Objects in a scene are Utilizing such a strict back to front ordering method, 

sorted, typically by their z-values, and then sent to the frame however, is very expensive with respect to machine require- 

buffer in sort order. A correct image results if objects are 60 ments and the time it takes to render objects in a scene. The 

rendered in this sorted order. hardware costs may be prohibitive for some applications. 

Visible surface list priority algorithms have been adapted Also, the time required to render the scene may be unac- 

to incorporate transparent objects. An example is the Paint- ceptable to a user, such as in CAD/CAM applications, where 

er's Algorithm, which is a depth sort algorithm. Utilizing the a scene must be rendered and updated quickly to maintain 

z-buffer to hold a depth value for each object, objects are 65 user interactivity and productivity, 

rasterized and sorted in a back to front order. Where an Another problem encountered in rendering transparent 

object's z-value overlaps with another object's z-value, objects, besides the order individual objects are rendered, is 
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the way in which the individual transparent object itself is 
processed. For example, to render a transparent three dimen- 
sional object, such as a sphere, the sphere is broken down 
into a series of polygons, referred to in the art as primitives, 
which are processed from primitive to primitive around the s 
entire sphere. Each primitive has a surface normal pointing 
outward from a surface of the primitive. The problem is, as 
the primitives are traversed around the sphere, they are 
processed in a front to back order for one-half of the sphere, 
but in the opposite order for the second half of the sphere. 
This produces an incorrect color in the buffer, which results 
in a visual flaw. Instead of a smooth surface, the object has 
a break in appearance due to the correct and incorrect 
ordering for each half of the sphere. 

It is thus apparent that there is a need in the art for an 
improved method of rendering transparent objects for 15 
graphic display which produces a higher quality image at a 
speed that is acceptable to the user for the given application 
and that does not require increased expense in the hardware 
necessary to run the application. There is also a need to 
process individual transparent objects in a back to front 20 
order to eliminate surface anomalies. The present invention 
meets these and other needs in the art. 

SUMMARY OF THE INVENTION 

It is an aspect of the present invention to quickly render 25 
opaque and transparent objects, or transparent objects only, 
in a scene for graphic display. 

It is another aspect of the invention to produce a high 
quality image of a scene containing transparent objects for 
graphic display. 3Q 

Yet another aspect of the invention is to process the 
primitives of each transparent object in a back to front order 
to eliminate the appearance of a break in continuity on the 
surface of the object. 

Still another aspect of the invention is to process the front 35 
surfaces of any objects last to obtain a more correct image 
for graphic display. 

A further aspect of the invention is to utilize the z-buffer 
to process the front surfaces of objects last in a scene. 

A still further aspect of the invention is to use the z-buffer 40 
as a depth buffer only for opaque objects, thus processing 
opaque objects first and then overlaying transparent objects 
on top of the opaque objects. 

The above and other aspects of the invention are accom- 
plished in a scene rendering method that first rasterizes and 45 
alpha blends all back-facing primitives of a transparent 
object, and then rasterizes and alpha blends all front-facing 
primitives of the transparent object. This prevents the 
appearance of breaks in the surface continuity of the object 
when displayed. 50 

Another embodiment of the invention utilizes the z-buffer 
as a depth buffer for opaque objects for processing all 
opaque objects in a scene first, and then overlaying any 
transparent objects on top of the opaque objects. 

A still further embodiment of the invention utilizes the 55 
z-buffer to create a depth image of all of the front-most 
primitives of the objects in a scene. Next, all primitives that 
have z-values less than the z-values in the z-buffer are 
processed and sent to the frame buffer. Finally, all primitives 
that have z-values equal to the z-values in the z-buffer are 60 
processed and sent to the frame buffer. Thus, the front-most 
surfaces of objects in a scene are processed last giving a 
more correct image for graphic display. 

BRIEF DESCRIPTION OF THE DRAWINGS 65 

The above and other aspects, features, and advantages of 
the invention will be better understood by reading the 
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following more particular description of the invention, pre- 
sented in conjunction with the following drawings, wherein: 

FIG. 1 shows a block diagram of a computer system 
incorporating the present invention; 

FIG. 2 shows a flow chart of a three pass method of 
rendering opaque and transparent objects; 

FIG. 3 shows a top view of back-facing and front- facing 
primitives of a transparent object; 

FIG. 4 shows opaque and transparent objects overlaying 
each other; 

FIG. 5 shows a flow chart of a two pass method of 
rendering transparent objects; 

FIG. 6 shows a flow chart of a three pass method of 
rendering transparent objects; 

FIG. 7 shows a flow chart of a four pass method of 
rendering transparent objects. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The following description is of the best presently con- 
templated mode of carrying out the present invention. This 
description is not to be taken in a limiting sense but is made 
merely for the purpose of describing the general principles 
of the invention. The scope of the invention should be 
determined by referencing the appended claims. 

FIG. 1 shows a block diagram of a computer system 
incorporating the present invention. Referring now to FIG. 

1, a computer system 100 contains a processing element 
102. The processing element 102 communicates to other 
elements of the computer system 100 over a system bus 104. 
A keyboard 106 allows a user to input information into the 
computer system 100. A graphics accelerator 114 has a 
z-buffer 126 and a frame buffer 120. The frame buffer 120 
contains the data being displayed on graphics display 110, 
allowing the computer system 100 to output information to 
the user. A mouse 108 is also used to input information and 
a storage device 112 is used to store data and programs 
within the computer system 100. A memory 116, also 
attached to the system bus 104, contains an operating system 
118, user application 122, and a transparency rendering 
method 124 of the present invention. The transparency 
rendering method 124 utilizes the z-buffer 126 of graphics 
accelerator 114. 

FIG. 2 shows a flow chart of a three pass method of 
rendering opaque and transparent objects. This method is 
contained within the transparency rendering method 124 and 
is called by the user application 122. Referring now to FIG. 

2, in block 202 a first pass processes all opaque objects in the 
scene. Primitives of the objects are rasterized and values for 
all pixels are sent to the z-buffer 126 (FIG. 1) and the frame 
buffer 120 (FIG. 1). 

In block 204 a second pass first disables writes to the 
z-buffer. All front-facing primitives of transparent objects 
are culled. Back-facing primitives of all transparent objects 
are rasterized and processed. FIG. 3 demonstrates this 
method of back-face processing. 

Referring now to FIG. 3, a top view of a circular trans- 
parent object 300 is shown. The circular transparent object 
300 is made up of a series of primitives 302 that appear as 
edges in this top view. This figure is for illustrative purposes 
only, since in practice, many more primitives would be used 
to more closely approximate a circular shape. 

The front side of each primitive 302 is indicated by a 
surface normal arrow 304 which extends outward from each 
primitive 302. To render the circular transparent object 300, 
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where the viewpoint is in the direction of directional arrow 
310, the typical procedure is to start at primitive 312 and 
traverse around circular object 300 from primitive to primi- 
tive. Those primitives whose surface normal arrows 304 
point in generally the same direction as directional arrow 5 
306 but no greater than a declination of 90° off of imaginary 
line A-A' are back- facing. Those primitives whose surface 
normal arrows 304 point in generally the same direction as 
directional arrow 308 but no greater than a declination of 90° 
off of imaginary line A-A' are front-facing. One skilled in 
the art will recognize that as the point of view of an object 
in a scene changes, those primitives that were front-facing or 
back-facing in the old view may change in the new view. 

As circular transparent object 300 is traversed starting 
from primitive 312, one-half of the circular transparent 
object 300 is rasterized in front to back order (going from A 15 
to A'), and the other half is rasterized in back to front order 
(going from A' to A). This is not a problem when rendering 
solid objects, because all back-facing primitives are culled 
since, in a solid object, they are not visible. With transparent 
objects, however, this ordering produces an incorrect color 20 
in the buffer because back-facing primitives are not culled. 
When the transparent object is rasterized and displayed, the 
result is a break in appearance down the middle of the visible 
surface of the transparent object due to the difference in the 
ordering of each half. 25 

To solve this problem, the present invention processes 
circular transparent object 300 in two passes. The first pass 
rasterizes and alpha blends pixels of all back-facing primi- 
tives 302, which are those primitives 302 on the A' side of 
imaginary line B-B' whose surface normal arrows 304 point 30 
generally in the direction of directional arrow 306. The 
second pass rasterizes and alpha blends pixels of all front- 
facing primitives 302, which are those primitives 302 on the 
Aside of imaginary line B-B' whose surface normal arrows 
304 point generally in the direction of directional arrow 308. 
This procedure eliminates the unsightly seams present in 35 
conventional methods because the seams are now located at 
the edges of the rendered object, and are thus not discernible. 
Another advantage is that for each object, a back to front 
ordering of all individual primitives of the transparent object 
has been achieved. 40 

Referring back to FIG. 2 and block 204, in the process of 
rasterizing the back-facing primitives of all transparent 
objects, z-buffer comparisons are made to determine 
whether to place data in the frame buffer for each transparent 
object. Transparent objects with z-values that indicate they 45 
are behind an opaque object are culled. Transparent objects 
whose z-values indicate they are in front of all opaque 
objects will be processed. Alpha values for all transparent 
objects to be rendered are used to blend the transparent 
object's pixel color with the current pixel value in the frame 50 
buffer. 

FIG. 4 shows a front view of opaque and transparent 
planar objects overlaying each other as may typically be 
viewed on a graphic display. One skilled in the art will 
recognize that three dimensional objects may also be dis- 55 
played in such overlaying fashion, and that objects may also 
intersect with one another. Referring now to FIG. 4, objects 
402 and 406 are opaque, and objects 404 and 408 are 
transparent. One skilled in the art will recognize that trans- 
parent objects can have varying degrees of transparency, 60 
which is indicated by an alpha value as discussed above. The 
differing degrees of transparency in objects 404 and 408 are 
represented by different cross hatching patterns. 

Object 402 overlays parts of objects 404 and 408. Object 
404 overlays parts of objects 406 and 408. Object 406 65 
overlays part of object 408. Object 408 does not overlay any 
other objects. 
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A front -most surface 410 of opaque object 402 completely 
blocks out those portions of objects 404 and 408 that it 
overlays, thus the front-most surface is completely visible. 

A left front-most surface 412 and a right front-most 
surface 414 of object 406 completely block out that portion 
of object 408 that object 406 overlays, thus the left front- 
most surface 412 of object 406 is completely visible. The 
right front-most surface 414 of object 406 is visible through 
front-most surface 416 of transparent object 404 subject to 
the alpha value for each pixel inherent in object 404. 

Front-most surface 420 of object 408 is visible subject to 
its alpha value for each pixel. There is a portion of a 
front-most surface 420 of object 408 that is overlaid by a 
front-most surface 416 of object 404. That portion of front- 
most surface 416 of object 404 that overlays the front-most 
surface 420 of object 408 that is not blocked by front-most 
surface 410 of object 402 and left front-most surface 412 and 
right front-most surface 414 of object 406 is shown by 
surface area 418 and is indicated by a combined cross 
hatching pattern. Surface area 418 is visible subject to the 
combined alpha values of each pixel of object 404 and object 
408. 

Referring back to FIG. 2, in block 206 a third pass first 
disables writes to the z-buffer. All back-facing primitives of 
transparent objects are culled. Front-facing primitives of all 
transparent objects are rasterized as discussed above in 
relation to FIG. 3. Alpha values for all transparent objects to 
be rendered are used to blend the transparent object's pixel 
color with the current pixel value in the frame buffer. The 
resulting pixel color values are sent to the frame buffer as 
discussed above in relation to FIG. 4. 

This three pass scene rendering method provides a much 
more accurate and pleasing visual image than the prior art 
screen-door method. This three pass scene rendering method 
eliminates unsightly seams because after rendering any 
discrepancy occurs at the edges of an object where they are 
not apparent. Though individual transparent objects may not 
be processed in a back to front order relative to each other, 
the primitives of each transparent object are rendered in a 
back to front order. This three pass scene rendering method 
is faster by an order of magnitude over the prior art full depth 
sort, which processes all objects in back to front order. 

FIG. 5 shows a flow chart of an embodiment of a two pass 
method of rendering transparent objects of the present 
invention. This method is contained within transparency 
rendering method 124 and is called by user application 122. 
Referring now to FIG. 5, in block 502 a first pass disables 
writes to the z-buffer. All front-facing primitives are culled. 
All back-facing primitives of transparent objects are raster- 
ized as discussed above in relation to FIG. 3. Alpha values 
for all back-facing primitives of transparent objects to be 
rendered are used to blend the transparent object's pixel 
color with the current pixel value in the frame buffer. The 
resulting pixel color values are sent to the frame buffer as 
discussed above in relation to FIG. 4. 

In block 504, a second pass disables writes to the z-buffer. 
All back-facing primitives are culled. All front-facing primi- 
tives of opaque and transparent objects are rasterized as 
discussed above in relation to FIG. 3. Alpha values for all 
front-facing primitives of transparent objects to be rendered 
are used to blend the transparent object's pixel color with the 
current pixel value in the frame buffer. The resulting pixel 
color values are sent to the frame buffer as discussed above 
in relation to FIG. 4. With this two pass approach, all 
front-facing primitives are processed last giving a more 
accurate front to back rendering and a more visually appeal- 
ing image than the prior art screen-door method. 
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FIG. 6 shows a flow chart of an embodiment of a three 
pass method of rendering only transparent objects of the 
present invention. This method is contained within trans- 
parency rendering method 124 and is called by user appli- 
cation 122. Referring now to FIG. 6, in block 602 a first pass 
establishes a depth image of the front-most primitives of all 
the objects in a scene and stores their pixel values in the 
z-buffer, which creates a shell of the front-most primitives of 
objects in a scene. This pass is done by rasterizing the 
objects, but discarding the frame buffer data and storing only 
the z-buffer values for the pixels of the front-most objects. 

In block 604, a second pass first disables writes to the 
z-buffer. Next, all rasterized primitives of objects whose 
pixel's z-values do not equal the z-value in the z-buffer are 
processed and image values sent to the frame buffer. This 
renders everything behind the front-most objects in the 
scene since the front-most objects were established by block 
602. 

In block 606, a third pass first disables writes to the 



This scene rendering method also provides a more correct 
image since the front-most primitives are the most critical 
visually, and are rendered last. In addition, all objects have 
their back-facing primitives rendered before their front- 
facing primitives, which makes each object more visually 
pleasing and correct, since each pixel of the individual 
object is rendered in the internally correct back to front 
order. 

Having described a presently preferred embodiment of the 
present invention, it will be understood by those skilled in 
the art that many changes in construction and widely dif- 
fering embodiments and applications of the invention will 
suggest themselves without departing from the scope of the 
present invention, as defined in the claims. The disclosures 
and the description herein are intended to be illustrative and 
are not in any sense limiting of the invention, defined in 
scope by the following claims. 
What is claimed is: 

1. A method for rendering opaque objects and transparent 
z-buffer. Next, all rasterized primitives of objects whose 20 objects in at least one portion of a scene for graphic display 
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pixel's z-values equal the z-value in the z-buffer are pro- 
cessed and image values sent to the frame buffer. This 
renders all the front-most objects in the scene of the shell 
created in block 602. This method provides a more correct 
image, since the front-most primitives are the most critical 
visually, and are rendered last. 

FIG. 7 shows a flow chart of an embodiment of a four pass 
method of rendering only transparent objects of the present 
invention. This method is contained within transparency 
rendering method 124 and is called by user application 122. 
Referring now to FIG. 7, in block 702 a first pass establishes 
a depth image of the front-most primitives of all the objects 
in a scene and stores their pixel values in the z-buffer in the 
same manner as described above with respect to block 602. 
This creates a shell of the front-most primitives of objects in 
a scene. 

In block 704, a second pass first disables writes to the 
z-buffer. Next, all back-facing primitives of objects whose 
pixel z-values do not equal the corresponding z-value in the 
z-buffer are processed. Alpha values for all back-facing 
primitives of transparent objects to be rendered are used to 
blend the transparent object's pixel color with the current 
pixel value in the frame buffer. The resulting pixel color 
values are sent to the frame buffer as discussed above in 
relation to FIG. 4. This renders all back-facing primitives of 
objects that are not part of the front shell. 

In block 706, a third pass first disables writes to the 
z-buffer. Next, all front- facing primitives of objects whose 
pixel z-values do not equal the corresponding z-value in the 
z-buffer are processed. Alpha values for all front-facing 
primitives of transparent objects to be rendered are used to 
blend the transparent object's pixel color with the current 
pixel value in the frame buffer. The resulting pixel color 
values are sent to the frame buffer as discussed above in 
relation to FIG. 4. This renders all front-facing primitives of 
objects that are not part of the front shell. 

In block 708, a fourth pass first disables writes to the 
z-buffer. Next, all objects whose z-values equal the z-value 
of the z-buffer are processed. Alpha values for all these 
front-most object primitives of transparent objects to be 
rendered are used to blend the transparent object's pixel 
color with the current pixel value in the frame buffer. The 
resulting pixel color values are sent to the frame buffer as 
discussed above in relation to FIG. 4. This renders all the 
front-most objects in the scene of the shell created in block 
702. 
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in a computer system, said method comprising the steps of: 

(a) rasterizing primitives of said opaque objects and 
sending depth values for pixels of said rasterized primi- 
tives to a z-buffer and sending image data for said 
pixels of said rasterized primitives to a frame buffer in 
said computer system; 

(b) processing primitives of said transparent objects, said 
processing comprising the steps of 

(bl) disabling writes to said z-buffer, 
(b2) culling all front-facing primitives of said transpar- 
ent objects, 

(b3) rasterizing all back- facing primitives of said trans- 
parent objects to yield back-facing primitive pixels, 
and culling all said back-facing primitive pixels 
when depth values of said back-facing primitive 
pixels indicate that said back-facing primitive pixels 
are located behind at least one of said opaque 
objects, and 

(b4) alpha blending image data of remaining back- 
facing primitives with said image data in said frame 
buffer, and sending said alpha blended image data of 
said remaining back-facing primitives to said frame 
buffer, and 

(c) processing said primitives of said transparent objects, 
said processing comprising the steps of 

(cl) disabling writes to said z-buffer, 

(c2) culling said back-facing primitives of said trans- 
parent objects, 

(c3) rasterizing all front-facing primitives of said trans- 
parent objects to yield front-facing primitive pixels, 
and culling all said front-facing primitive pixels 
when depth values of said front-facing primitive 
pixels indicate that said front-facing primitive pixels 
are located behind at least one of said opaque 
objects, and 

(c4) alpha blending image data of remaining front- 
facing primitives with said image data in said frame 
buffer, and sending said alpha blended image data of 
said remaining front-facing primitives to said frame 
buffer. 

2. A method for rendering transparent objects in at least 
one portion of a scene for graphic display in a computer 
system, said method comprising the steps of: 

(a) processing primitives of said transparent objects, said 
processing comprising the steps of 
(al) disabling writes to a z-buffer, 
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(a2) culling all front-facing primitives of said transpar- 
ent objects, and 

(a3) rasterizing back-facing primitives of said transpar- 
ent objects to yield back-facing primitive pixels and 
alpha blending image data of said rasterized back- 
facing primitive pixels of said transparent objects 
and sending said alpha blended image data of said 
rasterized back-facing primitive pixels to a frame 
buffer; and 

(b) processing said primitives of said transparent objects, 

said processing comprising the steps of 

(bl) disabling writes to said z-buffer, 

(b2) culling all back-facing primitives of said transpar- 
ent objects, and 

(b3) rasterizing front-facing primitives of said trans- 
parent objects to yield front-facing primitive pixels 
and alpha blending image data of said rasterized 
front-facing primitive pixels of said transparent 
objects and sending said alpha blended image data of 
said rasterized front-facing primitive pixels to said 
frame buffer. 

3. A method for rendering transparent objects in at least 
one portion of a scene for graphic display in a computer 
system, said method comprising the steps of: 

(a) creating a shell of front-most primitives of said 
transparent objects by rasterizing said transparent 
objects to establish a depth image of said front-most 
primitives of said transparent objects in a z-buffer, said 



13,333 

10 

rasterizing comprising determining z- values of pixels 
of said front-most primitives of said transparent 
objects, storing said z-values of said pixels in said 
z-buffer, and discarding all frame buffer data; 

5 (b) disabling writes to said z-buffer, rasterizing said 
transparent objects, and alpha blending image data of 
pixels of said rasterized transparent objects when 
z-values of said pixels are not equal to said z-values 

1Q stored in said z-buffer; and 

(c) disabling writes to said z-buffer, rasterizing said trans- 
parent objects, and alpha blending image data of pixels 
of said rasterized transparent objects when z-values of 
said pixels equal said z-values stored in said z-buffer. 

15 4. The method of claim 3 further comprising performing 
the following steps (bl) and (b2) in place of step (b): 
(bl) disabling writes to said z-buffer, rasterizing all back- 
facing primitives of said transparent objects, and alpha 
blending image data of pixels of said rasterized back- 

20 facing primitives when z-values of said pixels are not 
equal to said z-values stored in said z-buffer; and 
(b2) disabling writes to said z-buffer, rasterizing all front- 
facing primitives of said transparent objects, and alpha 
blending image data of pixels of said rasterized front - 

25 facing primitives when said z-values of said pixels are 
not equal to said z-values stored in said z-buffer. 

***** 
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